Abstract-High-density polyethylene (HDPE)/kenaf fiber (KF) were fabricated by using a twin screw extruder. A thermally expandable microcapsule (EMC) was used for the foaming of HDPE/KF. Three types of PE-g-MAH, as a compatibilizer, with different grafting degrees of maleic anhydride (MAH) were produced by reactive extrusion. The chemical structure and grafting degree of PE-g-MAH were identified by infra-red spectrometry and back titration. The optimum grafting degree of MAH for PE-g-MAH was confirmed by measuring the mechanical properties and specific gravity. It might be caused by a difference in the interface properties. The interface adhesion properties of the composite were identified by a contact angle and SEM images of the fracture after the tension test.
I. INTRODUCTION
There is a growing interest in kenaf fiber (KF) and polymer composites in the worldwide automobile comportment field. KF, compared to glass or carbon fiber, is eco-friendly and cultivated in large quantities in China, Southeast Asia, and so on. Thus, it is inexpensive and can be recycled. Due to those advantages, many studies on KF have been done [1] [2] [3] . In polyolefin/natural fiber (NF) composites such as KF, there are many variables including the length or aspect ratio of the NF, fiber orientation or dispersion, and adhesion at the interface between the polymer and NF [4] [5] [6] . Particularly, the adhesion property between the NF and polymer and the fiber properties are generally important.
Light comportment is one of key issues in the worldwide automobile field. A foaming agent also needs to be adopted to decrease the weight of the polyolefin/KF composites. Thermal expandable microcapsule (EMC) is one of the best choices as a foaming agent for polyolefin/KF composites due to its easy process control compared to other chemical and mechanical foaming processes [7] [8] [9] [10] [11] . In general, the foaming behavior of KF, which is a polar polymer, is affected by the interface adhesion between the polyolefin and KF. A compatibilizer needs to be adopted to increase the interface adhesion of the [12] [13] [14] [15] . In these studies, the compatibilization effect was adequate when a 3 -5 wt% of MAH was added. However, in the case of a high content of KF, foam cells could not grow enough because the mixing performance was poor due to inadequate interface properties. It could be suggested that the grafting degree of MAH in a compatibilizer affects the interface adhesion between HDPE and KF in the presence of a high content of KF. Thus, we need to investigate the effect of the grafting degree on the mechanical properties of HDPE/KF composites.
In the present study, we investigated the correlation of the physical properties of the HDPE/KF composites with the type of compatibilizer using different grafting degrees of MAH and foaming behaviors of HDPE/KF composites with EMC as a foaming agent.
II. EXPERIMENTS

II-1 Materials and preparation of the composite
J-2200 (Mi=5 g/10 min) purchased from Honam Petrochemical Corp. was used as the high density polyethylene (HDPE). The kenaf fiber (KF) was a gift from Nanotoxtec Co., Ltd. (Korea) at length of 3,000 m. The amount of KF was fixed at 20 wt%. The thermal expandable microcapsule (EMC) used for foaming was Expancel 980MB120 (mater-batch of EVA 65%) from Expancel Co., and the content of the EMC was 5 wt%. Xylene and chloroform (99.5%) used to remove unreacted MAH were purchased from Samchun Chemical. Four types of maleic anhydride-grafted polyethylene (PE-g-MAH) were used as a compatibilizer. One was purchased from Sigma-Aldrich (viscosity 1700∼4500 cP, PE-g-MAH-a). The others were prepared by reactive extrusion. Maleic anhydride (99%, MAH) and dicumyl peroxide (DCP, 98%) were purchased from Sigma-Aldrich. The compatibilizer from reactive extrusion was prepared by using a twin screw extruder ( 
II-2 Measurement
FTIR (Perkin Elmer, Spectrum 1000) was used to identify the chemical structure of PE-g-MAH, a produced compatibilizer and chemically treated KF. Twenty four scans were taken for each spectrum with 2 cm -1 resolution at 4000∼ 400 cm -1 . PE-g-MAH (2g) was dissolved in 200 ml of xylene at 190℃ for two hours to remove the MAH which was not grafted. Then, it was precipitated in 200 ml of chloroform for two hours, and the precipitate was put into cylindrical filter paper. Chloroform (200 ml) was put into a round bottom flask with a Soxhlet extractor. An extraction tube and a reflux condenser were installed at the top, and then, PE-g-MAH was treated for 24 hours. It was measured by FT-IR. The grafting degrees shown in Table 1 were determined by back titration [16] [17] . One g of PE-g-MAH was put into 150 ml of xylene/NaOH solution and refluxed for an hour. Three to five drops of Thymol blue was added to the reflux, and then, the mixture was titrated with a diluted HCl solution to measure the content of grafted MAH. For TGA which is used to measure thermal properties, the TA instrument Q50 was used in the heating mode in the range of 25 -800℃ under nitrogen atmosphere. For the tensile strength, a 1 mm specimen was measured with a universal testing machine (Hounsfield, H10KS, the UK) at 5 mm/min. The water displacement method [18] was used to measure the specific gravity of the composites. A HDPE/KF composite sheet of 25 mm x 25 mm x 1 mm was prepared to measure the contact angle, and then, water was dropped by the phoenix contact angle meter (SEO). In three seconds, the angle was measured. 
III. RESULTS & DISCUSSIONS
FTIR spectra to identify the structure of the compatibilizer after the removal of unreacted MAH are shown in Figure 1 . In the FTIR result, all samples were observed around 1700 cm -1 suggesting that the characteristic peak (C=O) for the carbonyl group is included in the MAH. Thus, it was confirmed that the grafting of HDPE and maleic anhydride was successful. Based on the back titration results, the grafting degree of PE-g-MAH-d with the highest MAH/DCP molar ratio was the largest.
The specific gravity depending on the PE-g-MAH is shown in Figure 2 . As the grafting degree of the MAH in the PE-g-MAH increased, the specific gravity decreased and then showed the lowest value in the case of PE-g-MAH-c which had a grafting degree of 1.962. Thus, it is suggested that as the grafting degree of MAH in a compatibilizer increases in the HDPE/KF composite containing a high content of KF, the interface adhesion between the HDPE and KF improves. If the grafting degree is over the critical point, the amount used would be insufficient to improve the interface adhesion between the HDPE and KF. TGA graphs to evaluate the thermal stability of the HDPE/KF/EMC composite depending on the type of compatibilizer are shown in Figure 3 (a) . The expanded graph near the decomposition temperature is shown in Figure 3 (b) . The thermal stability of the composite, in which a compatibilizer was adopted, was relatively high. The thermal stability, as well as the foaming specific gravity, of PE-g-MAH-c was the best. It may be because when PE-g-MAH-c, a compatibilizer, was used, the interface adhesion properties between the HDPE and KF were the best. It was confirmed by SEM images and contact angles.
The stress-strain curve of the composite is shown in Figure 4 . The figure shows a comparison in which several different types of compatibilizer for the HDPE/KF composite were used (Figure 4 (a) ) as well as EMC (Figure 4 (b) ). The tensile strength in both cases was the best when PE-g-MAH-c was used. In the case of PE-g-MAH-d, compared to PE-g-MAH-c, the tensile strength was slightly reduced when the molar ratio of the grafting degree was adjusted. It could be because the amount used was insufficient to improve the interface adhesion between the HDPE and KF; the PE-g-MAH with the high MAH content was not adequate to improve the mechanical properties. The contact angle of the HDPE/KF/EMC composite depending on the type of compatibilizer is shown in Figure 7 . In the results, the contact angle, like the tensile strength, was the largest for PE-g-MAH-c. When 20 wt% KF was added, improvement of the interface adhesion properties was the best in the case of the PE-g-MAH-c; therefore, the tensile strength had the optimum properties. SEM images of the fracture after the tension test for the HDPE/KF/EMC composite depending on the type of compatibilizer are shown in Figure 8 . KF was well coated in HDPE, which was a matrix, regardless of the type of compatibilizer, and the fiber seemed to be torn. It might be caused by the increased interface adhesion due to the compatibilizer used between the non-polar HDPE and polar KF. 
IV. CONCLUSION
The HDPE/KF/EMC composites by application of PE-g-MAH with different grafting degrees of MAH were fabricated with a twin screw extruder, and their physical properties were evaluated. The structure of the PE-g-MAH was analyzed by FTIR, and the grafting degree was determined by back titration. When evaluating the physical properties, the PE-g-MAH-c had the best physical properties. After the tension test for the HDPE/KF composite using the PE-g-MAH-c, the fractured surface was measured by SEM, and the adhesion properties were good.
